Aim To obtain palaeobotanical evidence enabling evaluation of the viability of the hypothesis that the 'oriental' element of the Balkan flora reached south-east Europe from Turkey prior to the Holocene, probably via the Thracian Plain during a late Quaternary glacial stage but no later than the late Weichselian.
INTR ODUCT ION
The Balkan Peninsula has long been noted for the diversity of its flora and fauna. In accounting for this diversity, the role of the region as the principal area of persistence of many European temperate taxa throughout both glacial and interglacial stages of the Quaternary has often been emphasized (Bennett et al., 1991; Tzedakis et al., 2002; Tzedakis, 2004) . More recently, a series of studies, principally of various temperate tree and shrub taxa, has shown that this element of species diversity is mirrored by intra-specific diversity at the allelic level (Vendramin et al., 1999; Brewer et al., 2002; Palme & Vendramin, 2002; Petit et al., 2002; Heuertz et al., 2004) , supporting the hypothesis of the longterm persistence of these taxa in this region . However, such taxa represent only one of the four major components of the floristic diversity of the region. The other major components are: Balkan endemics, some of them of Tertiary relict origin; central European, including Alpine, species; and species with a Mediterranean distribution. Furthermore, species with Pontic distributions and species distributed principally in Asia Minor, hereafter referred to as 'oriental' species, also are an important, albeit numerically smaller, component of the flora (Polunin, 1980) . It has been hypothesized that these latter species extended their ranges into the Balkan Peninsula by migration from the east during intervals in the past when the sea level in the Mediterranean basin was lower than it is at present, principally either across the landbridge of Thrace or across the land masses that existed in the central and southern Aegean region (Turrill, 1929) . The importance of the former route is considered to be reflected by the westward extension of the ranges of some plant species into the Balkan Peninsula only in Thrace; Turrill (1929, p. 374 ) lists 47 such species.
Given that the oriental species are predominantly adapted to relatively continental steppe or wooded steppe environments, it is possible that the wide extension of vegetation of these types throughout the lowlands around the Mediterranean basin during late Quaternary glacial stages (van Andel & Tzedakis, 1996; Huntley et al., 2003) , the relatively continental climate of these stages in this region (Allen et al., 1999 (Allen et al., , 2000 , and the reduction in sea level by c. 120 m during glacial maxima (Fairbanks, 1989 ) might have provided a series of opportunities for the hypothesized westward range expansions of these species, not only into the Balkan Peninsula but potentially also farther west around the Mediterranean basin. Alternatively, as other authors have argued, the oriental species of the Balkans, and those taxa that provide biogeographical links between the Pontic region or Asia Minor and areas farther west in the Mediterranean basin, may be of Tertiary relict origin, reflecting a period in the late Tertiary when steppic environments and taxa were widespread from Central Asia westwards around the Mediterranean basin as far as the Iberian Peninsula. Ribera & Blasco-Zumeta (1998) , for example, favoured this hypothesis when discussing the origins of the biogeographical links between the insect faunas of steppic regions of the Iberian Peninsula and Central Asia. In reality, and given the many major climatic fluctuations of the Quaternary, it is likely that species differ in the origin and age of their present distribution patterns, with some being Tertiary relicts, some having expanded westwards during earlier Quaternary glacial stages, and others having expanded westwards into southern Europe when steppe conditions last were extensive in the region during the Weichselian late-glacial.
A necessary part of the evaluation of these alternative hypotheses, at least in relation to the oriental component of the Balkan flora, is to establish whether, prior to the Holocene, and in particular during the Weichselian late-glacial, and by analogy also during interstadials of the Weichselian and earlier glacials when southern European environmental conditions and palaeovegetation were similar to those during the Weichselian late-glacial (Allen et al., 1999; Brauer et al., 2007) , environmental and ecological conditions in Thrace were suitable for the hypothesized westward migration of oriental species through this region into the Balkan Peninsula. The Thracian Plain is an extensive lowland area extending from north-west Turkey and north-east Greece north to southern Bulgaria ( Fig. 1 ). Palynological evidence from Tenaghi Philippon (Bottema, 1978 (Bottema, , 1979 Tzedakis et al., 2004) , situated on the Drama Plain that forms the westward extension of the Thracian Plain into north-east Greece (Fig. 1) , indicates that the Weichselian late-glacial vegetation in that area was predominantly herbaceous steppe. Palynological studies of cores XK-120 and A-159 from the south-west Black Sea, east of southern Bulgaria (Fig. 1) , also indicate steppe vegetation dominated by Artemisia, 1 , Chenopodiaceae and Gramineae on the adjacent land area during the Weichselian late-glacial (Atanassova, 2005) . In this case, such vegetation persisted into the early Holocene, only being replaced by mesic forest when the Mediterranean sea level rose sufficiently to overflow the Thracian landbridge c. 8000 cal yr bp, after which time the water level rose also in the Black Sea. Although it has been speculated that vegetation of a similar steppic character, dominated by Chenopodiaceae, Artemisia and Gramineae and with only scattered woody taxa of a xerophytic character, mainly Juniperus and Ephedra, was present during the Weichselian late-glacial elsewhere in the Thracian Plain, including in the northern part of the Plain in Bulgaria (Bozilova et al., 1996; Palamarev, 2002) , there are no palaeoecological data from within the region to support or refute such speculation. The overall aim of the present study, therefore, was to obtain palaeovegetation and palaeoenvironmental evidence from a locality situated centrally within the northern part of the Thracian Plain that would allow us to test the hypothesis that members of the oriental element of the Balkan flora, and in particular woody members of that element, were able to grow in the region during the Weichselian late-glacial, and thus may have migrated into the Balkan Peninsula by this route during that interval or during some previous interval of similar environmental conditions in the region. A secondary objective was to seek evidence that woody members of the element were indeed present in Thrace at that time.
STUDY SITE
The Thracian Plain extends north to the southern flanks of the Balkan Mountains (Fig. 1) . These mountains today coincide with a major climatic boundary: to the north, European continental air masses predominate, whereas to the south, Mediterranean air masses are also important (Velev, 2002) . Biogeographically, these mountains mark the northern range limit for a number of those species in the oriental element of the Balkan flora listed by Turrill (1929) as extending only to Thrace; Figure 2 illustrates two examples of such species that represent links between the vegetation of Thrace and that of Asia Minor and the Middle East (Zohary, 1973; Polunin, 1980) . The present flora of the Thracian Plain also includes a number of species representative of a Mediterranean element; together with the oriental floristic element, these species reflect the occurrence of moderate summer drought in the region.
The climate of the Thracian Plain was classified by Velev (2002) as 'intermediate continental', with hot summers and relatively mild winters. The mean annual temperature is c. 12.5°C, with a coldest month (January) mean of c. 0-1°C and a warmest month (July) mean of c. 24°C: such a large range between the coldest and warmest month means is typical of a relatively continental climate. The mean annual precipitation is c. 520-560 mm (Kirilova, 1985; Velev, 2002) , with June being the wettest month and August the driest. A secondary rainfall peak in November reflects the Mediterranean influence on the regional climate.
The predominant potential natural vegetation of the region is classified by Polunin (1980) as 'East-central European transitional (Continental)' deciduous forest. The extent of such natural vegetation is, however, limited as a result of human activities, being represented mainly by relict stands of deciduous Sub-Mediterranean forest with a mixed canopy including Quercus pubescens, Q. virgiliana, Q. cerris, Q. frainetto, Carpinus orientalis and Fraxinus ornus (Turrill, 1929; Bondev, 1991; Palamarev, 2002) , and a field layer rich in Cotinus coggygria. South of the Maritza River-Bourgas line (Velev, 2002) , vegetation of a more Mediterranean character also occurs, dominated by mixtures principally of Quercus coccifera, Phillyrea latifolia, Juniperus excelsa M.-Bieb. (Adams, 1999 (Adams, , 2001 ) and J. deltoides R.P. Adams (Adams et al., 2005) . The herbaceous steppe vegetation that is found in the study area today is considered to be secondary, and to have developed following deforestation and former human land use (Nam, 1995) .
The study site, referred to here as the Ezero wetland (42°28¢ N, 26°1¢ E; 124 m a.s.l.), lies close to the northern margin of the Thracian Plain in Bulgaria. It is situated adjacent to the archaeological site of Ezero-Dipsis, a tell site occupied between c. 6270 and 4800 cal yr bp (Dennell, 1978; Georgiev et al., 1979) , c. 1 km north-east of the present Ezero village and c. 3 km south-east of Nova Zagora (Fig. 3) . The geology of the area comprises Neogene lacustrine and alluvial sediments (Nedialkov, 1985; Angelova et al., 1993) overlying a deeply indented palaeo-relief formed by Paleogene volcanic and sedimentary rocks. At Ezero, the Neogene sediments are underlain by a narrow band of dolomites (Bosnek Formation, Triassic). Springs discharging karst water are frequent along this formation, and the Ezero wetland receives water from approximately five springs according to our field observations and to local people (T. Tshanev, personal communication). Elderly people from Ezero village recall the wetland during the early part of the 20th century as a chain of five to seven springfed pools, separated by narrow bands of meadow, the pools never freezing in winter. The position of the springs has become obscured in recent years as a result of overgrowth of the pools by reed-swamp vegetation following construction of a pumping station in the 1970s (T. Orehova, personal communication). Figure 3 shows the approximate position of the pools before water regulation; the sediment core (EZ-2) from which the data presented below were obtained sampled the sediments of the largest pool, Lake Baj Petko. Farjon (1992) , Tutin et al. (1993) and Jalas & Suominen (1973 . [The extent of the distribution of Juniperus excelsa M.-Bieb. in Iran and Turkmenistan (area indicated by question marks on the map) is uncertain because of potential confusion with the closely related J. polycarpos K. Koch in this region.] Axis annotations indicate degrees of longitude (east) and latitude (north).
The landscape around the Ezero wetland generally has a low relief and lies c. 120-150 m a.s.l., although the Svetiiliyski Hills to the south-east of the site rise to c. 500 m a.s.l. and the more distant Sredna Gora to the north and north-west rise to over 1500 m a.s.l. (Fig. 3) . The wetland is bordered to the north by the River Azmaka. This was formerly extremely sinuous, running through a very poorly drained flood plain; during the past 50 years, however, it has been artificially straightened and drainage of the surrounding land much improved (Dennell, 1978) . The soils of the area are mainly diluvial sandy soils, smolnitsa (alluvial soils) or cinnamonic forest soils (Kirilova, 1985) . Diluvial sandy soils occur at the foot of the Sredna Gora and Svetiiliyski Hills as fans or shelves and are derived from hill materials re-sorted by erosion (Dennell, 1978) . Such diluvial sands were deposited in the area surrounding the Ezero wetland, but are today overlain by a thick sheet of riverine clay (Dennell, 1978) . Smolnitsa are developed on the poorly drained lacustrine and alluvial sediments of the Azmaka flood plain (Kirilova, 1985) . Cinnamonic forest soils predominate in well-drained areas outside the influence of erosion from the uplands.
The vegetation of the Ezero wetland itself, like that of other wetlands in the surrounding area, is today a reed-swamp dominated by Phragmites australis, Typha latifolia and T. angustifolia (Atanassova & Marinova, 2005) . The surrounding lowlands are intensively farmed, and the Svetiiliyski Hills too have been deforested and used for agriculture. Prior to deforestation, however, higher parts of these hills are likely to have supported forest stands, mainly of Quercus frainetto, Q. cerris and Ulmus minor (Kirilova, 1985) . Relict trees reflecting the diverse composition of these former forests can still be found; for example, we found both Celtis glabrata Stev. and C. australis L. growing in small woodland patches or in isolation on abandoned vineyard terraces.
FIELD AND LABORATORY METHODS
The sediments of the Ezero wetland were sampled during the summer of 2002 using a 7-cm-diameter Russian corer. Two cores were taken from the area of the largest of the former spring-fed pools, Lake Baj Petko (Fig. 3) . A shorter core (EZ-1, 2AE85 m) was obtained from the southern side of this basin, and a longer one was obtained in the western part of the basin (EZ-2, 6AE0 m). Here we report the results of various analyses of the sediments of the latter core.
A chronological framework for the sediments of core EZ-2 was established using a series of 11 14 C age determinations.
Ten of the samples dated were terrestrial plant macrofossils, and one was a bulk sediment sample from a segment of the core from which no terrestrial plant macrofossils were recovered ( Table 1) . The 14 C age determinations were made at the Poznan Radiocarbon Laboratory using accelerator mass spectrometry (AMS). The 14 C ages obtained were calibrated into calendar years using the intcal98 calibration curve of Stuiver et al. (1998) as implemented in the program calib4.4. The sediment lithology of the core was examined and described in the laboratory. Organic matter and inorganic carbonate contents of the sediments were estimated by measuring the loss-in-weight upon ignition at 550°C and 950°C of 0AE5-cm-thick sub-samples taken at 5-cm intervals (Heiri et al., 2001) .
Macrofossil analyses were performed on 5-cm-thick sediment slices (sub-sample volume 30-45 cm 3 ) taken at 10-cm intervals. Sub-samples were wet-sieved through 2-mm, 1-mm, 500-lm and 250-lm meshes, and the material retained on each sieve examined separately. Plant macrofossils were identified to the lowest possible taxonomic level. Determinate entities, such as fruits and seeds, were counted, and estimates were made of the relative frequency of the principal components amongst the indeterminate macrofossils, such as leaf fragments. Fruits and seeds were identified using the keys and 'seed' atlases of Anderberg (1994) , Beijerinck (1976) , Berggren Note that C. glabrata Stev. from Bulgaria has in the past been identified incorrectly as C. caucasica Willd. (Browicz & Zieliń ski, 1977 , 1982 , and is referred to by that name in many earlier accounts. Although Browicz & Zieliń ski (1977) consider it unlikely that C. caucasica occurs either in Bulgaria or elsewhere in the Balkan Peninsula, the most recent Bulgarian Flora (Kozuharov, 1992) does not apply their identification criteria and identifies C. caucasica, rather than C. glabrata, as occurring in the region. (1969, 1981) , Katz et al. (1965) , Schermann (1967) and Schoch et al. (1988) . In addition, the plant macrofossil reference collections of the Department of Archaeology, Durham University, and the Department of Botany, Sofia University, were consulted where necessary. Critical determination to the species or species-group level was attempted for Juniperus seeds and Celtis fruit stones, because both genera include woody members of the oriental element of the Balkan flora. Matsutani's (1987) key was used, as well as examination of material in various seed collections. The Supplementary Material (Appendix S1) provides further details of these identifications. Mollusc remains were identified using the keys of Kerney et al. (1983) and Richnovszky & Pintér (1979) . Subfossil wood fragments > 2 mm were identified using the keys of Greguss (1972) and Schweingruber (1989) , as well as by examination of reference material held at Sofia University and the University of Tübingen. Concentrations of fruits and seeds, molluscs and wood fragments were all standardized to a sediment sub-sample volume of 45 cm 3 .
Sediment sub-samples of 1 cm 3 were taken at 8-cm intervals for pollen and microspore analysis. Sub-samples were processed using standard procedures for the extraction of pollen and microspores (Moore et al., 1992) . Treatment with NaOH and HCl was followed by treatment with HF and microsieving, retaining the material not passing through a 10-lm mesh, prior to acetolysis, staining and dehydration. Pollen and microspore concentrations were determined by adding Lycopodium tablets to the sub-samples prior to commencing the extraction procedure (Stockmarr, 1971) . Pollen and microspore identifications were made using the descriptions and identification keys in Moore et al. (1992) and Beug (2004) , as well as by comparison with reference material in the collection of the School of Biological and Biomedical Sciences, Durham University. Counting continued until at least 500 terrestrial pollen grains had been identified. Pollen percentage values were expressed relative to the sum of all terrestrial pollen taxa. In the case of sub-samples from the depth range 400-450 cm, in which Gramineae pollen was particularly abundant, the size of a sample of 100 Gramineae pollen grains was measured for each sub-sample. Both pollen grain and annulus diameters were measured; comparison with equivalent measurements of Phragmites australis pollen grains on reference slides was then used to assess the likely relative frequency of P. australis pollen in the fossil assemblages. For both the pollen and plant macrofossil stratigraphic sequences, local assemblage zones were distinguished using the method of optimal partitioning (Birks & Gordon, 1985) as implemented in the program psimpoll 3.00 (Bennett, 1992) . The number of statistically significant assemblage zones was determined using the broken-stick model (Bennett, 1996) . Stratigraphic diagrams were drawn using psimpoll 3.00.
RES ULT S
Given the focus of the present study on elucidating palaeovegetation and palaeoenvironment in the region during the Weichselian late-glacial, most results are presented only for the lower 3 m of the EZ-2 core, which represents this interval (see below).
Sediment stratigraphy
Four lithostratigraphic units were recognized in the lower 300 cm of core EZ-2 (Fig. 4) . The lowermost unit (600-500 cm) is dominated by organic rich silty medium sand and sandy silt, of which at least the sand component was probably derived by erosion of the extensive diluvial sandy soils in the area around the lake. It is possible that such soils formed the shore of the lake at this time, the riverine clays that now cover these deposits on the flood plain of the Azmaka being deposited at some later time, or alternatively that the sand was wind-blown from more distal exposures. The transition to the overlying unit (500-460 cm) is marked by a decrease in grain size; this unit comprises alternating peaty clayey silt and silty sand layers. The third unit (460-390 cm) is organic-rich peaty clay, probably indicating increased stability of the surrounding landscape as well as overgrowth of the core location by swamp vegetation. The transition to the fourth unit (390-285 cm) is very sharp, with a homogeneous clayey silt characterizing this uppermost unit. Compared with the sediments of the three underlying units, which generally are rich in plant macrofossils, and occasionally contain mollusc shells, the sediments of the fourth unit have a markedly lower abundance of macrofossils. The sharp lower boundary of this unit, together with the character of its sediments, suggests either a marked increase in lake water depth or a change in the sedimentary environment, perhaps to one of alluvial sedimentation (Brown, 1997). We exclude the first possibility because neither the pollen nor the macrofossil records of aquatic and wetland taxa (see below) are consistent with any substantial increase in water depth. Geomorphological information on channel migration and the phases of alluviation on the Azmaka flood plain (Dennell, 1978; Angelova et al., 1993) , however, support the alternative suggestion. We therefore infer that the clayey silt sediments of the fourth unit were deposited as a result of seasonal flooding of the lake basin by the Azmaka river, and that the sharp transition from the underlying unit reflects a rapid onset of the new hydrological regime with which these floods were associated.
The sediments of the uppermost 15 cm of the fourth unit contain wood fragments mixed with daub (man-made building material) and medium sand, probably reflecting erosion from the adjacent tell. The top of the unit is marked by a very sharp transition to overlying sediments that are silty medium sands with occasional pebbles, shells and wood fragments.
Chronology
Details of the 11 14 C age determinations obtained are given in Table 1 , along with the calibrated ages of the samples measured, their depths, and the materials used.
Three age estimates were obtained from the lowermost metre of the core, two of them for plant macrofossils and the third for a bulk sediment sample. Although the two macrofossil-derived estimates are for samples differing in depth by 60 cm, their 14 C ages are indistinguishable (12,900 ± 60 and 12,930 ± 60 14 C yr bp), indicating that sediment accumulated very rapidly in this part of the sequence, probably as a result of intense erosion of the surrounding hill slopes. The age estimate from the bulk sediment sample also is indistinguishable from either of those obtained from macrofossils, although its slightly older age estimate (13,030 ± 70 14 C yr bp) may reflect the presence in the sample of remains of aquatic plants and/or micro-organisms that utilized bicarbonate ions (HCO 3
)
) from the lake water as their carbon source. Given the association of the spring feeding the lake with a bed of dolomite, bicarbonate in the lake water will almost certainly be derived in part by dissolution of this carbonate rock that is infinitely old in 14 C age (Walker, 2005) . Together these three age estimates indicate that sediment accumulation began in the lake c. 15,450 cal yr bp (Fig. 4) . Three further age estimates were obtained from the second and third sediment units. Whereas the upper two estimates are consistent with their stratigraphic positions, and provide a plausible sediment accumulation rate when taken together with the estimates obtained from the first unit, the third (Poz-13604, 10,000 ± 50 14 C yr BP), obtained from only 0AE91 g of monocotyledon leaf fragments, is much younger than expected. We excluded this result when establishing the agedepth relationship for the core; we consider it most probable that the small amount of material from which this estimate was obtained was in part a contaminant, derived from a higher level in the sediments and carried down during the coring operation to the depth from which it was recovered. The two stratigraphically consistent estimates indicate a slightly decreased sediment accumulation rate between 515 cm and 420 cm, and a further and more marked decrease between 420 cm and 390 cm. Only a single age estimate was obtained from the fourth unit. It is once again younger than might have been expected (Poz-13602, 8060 ± 50 14 C yr bp) and also was obtained from a very small (0AE83 g) fragment of monocotyledon leaf.
Although it might thus be rejected on the basis that the material was probably in part a contaminant, the nature of the sediments of the fourth unit, interpreted as alluvial sediments deposited during flooding of the lake basin by the Azmaka river, requires consideration of the possibility that these sediments were deposited discontinuously over several millennia, and that the age estimate is thus accurate. The four further age estimates obtained from the upper 300 cm of the core indicate that this section of the core represents the late Holocene. Given (1) the presence of material probably derived from the tell in the uppermost sediments of the fourth unit, (2) the very sharp lithological transition at the top of this unit, (3) the absence of any evidence of anthropogenic indicators in the palaeovegetation record from the sediments of this unit (see below), and (4) an abrupt change in the regional palaeovegetation record at 290 cm, from dominance of Pinus pollen to dominance by pollen taxa representing broadleaved summergreen trees with associated herbaceous taxa indicative of anthropogenic activity (EKM, unpublished data), we infer that there was a substantial hiatus in sediment accumulation at c. 300-290 cm, separating the majority of the fourth lithological unit from overlying late Holocene sediments. Given this inference, we also consider it most likely that the sediments of the fourth unit, with the exception of the uppermost 15 cm, were deposited during the Weichselian late-glacial. On this basis, we reject the age estimate at 340-345 cm when fitting, by eye, the age-depth relationship for the lower 3 m of the core (Fig. 4) ; this relationship is thus based upon the five stratigraphically Figure 4 Age-depth relationship for the EZ-2 sediment core. The depth range spanned by each of the samples from the lower 300 cm of the core for which radiocarbon age estimates were obtained is indicated, as is the 2r range (0AE941 probability) of the calibrated age estimate. An outline description of the sediment lithology is shown on the left, and the local terrestrial pollen (EZP-1 to EZP-5) and aquatic/wetland macrofossil (EZM-1 to EZM-5) assemblage zones are indicated on the right. The GRIP event stratigraphy (Björck et al., 1998) is shown below the age scale. The dotted line indicates the age-depth curve used to assign ages to zone boundaries in the lower c. 200 cm of the core (see text for details).
The 'oriental' component of the Balkan flora Journal of Biogeography 35, 865-883 coherent 14 C age estimates obtained and takes into account the 2r ranges of their calibrated ages. The lack of a reliable age estimate from the fourth unit prevents us from making any inference of the age-depth relationship above c. 400 cm.
Biostratigraphy

Regional terrestrial vegetation
The majority of the taxa recorded in the pollen and microspore data, along with the wood fragments and macrofossils of taxa not principally associated with wetland or aquatic habitats, provide the evidence upon the basis of which we have inferred the character of the vegetation in the surrounding region. The pollen diagram is shown in Figs 5 and 6 presents the data for macrofossils and wood fragments of terrestrial plant taxa. Five local pollen assemblage zones, EZP-1 to EZP-5, were distinguished, principally reflecting qualitative and quantitative changes in the dominant terrestrial pollen taxa. The boundaries of these zones are shown in Fig. 5 , Whilst Fig. 6 . Table 2 provides a summary of the principal characteristics of each zone, its depth and estimated age ranges, and the inferred character of the regional terrestrial vegetation.
The Gramineae pollen-grain size measurements made for samples from zone EZP-3, and a comparison of these results with measurements made on Phragmites australis reference material, indicate that the Gramineae percentage and concentration peaks in this zone cannot be ascribed to local growth of P. australis around the basin. The fossil assemblages are dominated by larger grains, leading us to interpret the peak in Gramineae as reflecting an increased extent of steppe grasslands in the surrounding region at this time.
Local wetland vegetation
Evidence of the nature of the local vegetation in and around Lake Baj Petko is provided by both the macrofossil and pollen records of wetland and aquatic plant taxa. Figure 7 presents the data for the relevant macrofossil remains, and the relevant pollen taxa are included in Fig. 5 . Five local macrofossil assemblage zones, EZM-1 to EZM-5, were distinguished, and their boundaries are shown in Fig. 7 . Table 3 provides brief descriptions of the key features of the record of local wetland and aquatic plant taxa during each of these zones, as well as the depth and estimated age ranges of each zone, a summary of the inferred character of the lake and the surrounding wetland, and an outline of the inferred nature of the local vegetation.
Aquatic mollusc communities
Mollusc shells were abundant only in the lower half of the sediments of zone EZM-1, between 600 cm and 560 cm, although smaller numbers were recovered from the sediments of zones EZM-2 and EZM-5 (Fig. 7) . The branchiate Valvata piscinalis was present only in the lower half of EZM-1, although it occurred there in large quantities. Bithynia tentaculata, Planorbis planorbis and Succinea oblonga were also found in this zone, each in a single sample. Valvata piscinalis is indicative of well-oxygenated mesotrophic conditions, whereas B. tentaculata is associated with calcareous waters. Both are often associated with aquatic plants, as is P. planorbis. Together they indicate that, during the first half of zone EZM-1, during the first century or two of sediment accumulation, the lake had calcareous well-oxygenated waters and probably also abundant aquatic plants. This is consistent with the abundant remains of Pediastrum, as well as with the general abundance of macrofossils of aquatic plants in these sediments, although most of the latter represent floating leaved and especially emergent or marginal species. The absence of V. piscinalis above 560 cm may indicate reduced oxygen levels in the lake. This would be consistent with the occurrence, albeit sparsely, only of P. planorbis in zones EZM-2 and EZM-5; this widespread species is tolerant of relatively anoxic waters and also often occurs in relatively eutrophic conditions. Succinea oblonga, which occurs only in the sample following the disappearance of V. piscinalis, is a land snail characteristic of damp sparsely vegetated places, often being found on bare muddy surfaces that have dried out (Kerney et al., 1979) ; it may indicate seasonal fluctuations in water level at that time.
Inferred Weichselian late-glacial palaeoenvironment
Brief summaries of the inferred regional and local vegetation are presented in Tables 2 and 3 respectively; Figs 5-7 together present the palaeovegetation data upon which these inferences are based. Taken together with the sediment lithological information, these data and the palaeovegetation inferences that they support provide a basis for inferring the character of the palaeoenvironment of the northern part of the Thracian Plain during the Weichselian late-glacial.
The onset of sedimentation at Ezero, dated to c. 15,450 cal yr bp, falls in the final millennium of the Weichselian fullglacial stage (GS-2 of the GRIP event stratigraphy of Björck et al., 1998) (Fig. 4) . The regional predominance of steppe and wooded steppe vegetation at this time and during EZP-1 indicates marked, but not extreme, seasonal moisture deficiency. The co-occurrence of Juniperus cf. J. excelsa, Celtis tournefortii-type and Quercus in the woody component of the flora nonetheless indicates that the regional climate was probably more continental than it is at present. The co-occurrence of these three taxa today is limited to parts of Crimea, Turkey and Transcaucasia (Fig. 8) . Much of the area of co-occurrence today experiences more severe seasonal moisture deficiency (ratio of actual to potential evapotranspiration (AET/PET) down to below 0AE35) than the region surrounding the study site, as well as a larger seasonal temperature range, the coldest month mean temperature being below -10°C in some areas whereas the warmest month mean mainly is between 20 and 25°C, falling below 20°C only in some more mountainous areas (W. Cramer, unpublished interpolations based upon Leemans & Cramer, 1991) . The presence of communities of ruderal herbs (sensu Grime, 1978) around the lake shore, as well as of the mollusc S. oblonga, most probably associated with seasonally exposed marginal areas, also indicates seasonal moisture deficiency severe enough to result in fluctuations in water level in the lake. The absence of remains of characteristically Mediterranean taxa, combined with the presence of cold-tolerant taxa such as Betula, further indicates lower winter temperatures than at present in the region, Betula occurring today only where the coldest month mean temperature is below 0°C (B. Huntley, unpublished data). The erosion inferred from the rapidly accumulated sandy sediments probably indicates that winter temperatures were markedly lower than they are at present. These climatic inferences are broadly consistent with the palaeoclimate simulated for 12,000 14 C yr bp in this region by Kutzbach et al. (1993) . After only c. 250 years, steppe, especially of Artemisia and Gramineae, became more predominant during EZP-2, whereas both the abundance and variety of woody taxa decreased. Although this change might be taken to indicate more severe seasonal aridity than previously, the reduced abundance of Chenopodiaceae is in conflict with such an interpretation. Given that fruits of Betula are more abundant than previously, that the abundance and variety of other woody taxa are reduced, and that the pollen concentration is increased, indicating an overall increase in vegetation cover and/or productivity, it is more likely that temperatures were cooler than before. Such cooler temperatures would be unfavourable to the majority of woody taxa, but Betula tolerates cooler conditions than most other tree taxa. In the wetland itself, the finer-grained and partially organic sediments are consistent with more complete vegetation cover of the surrounding landscape, leading to reduced erosion, and the replacement of ruderal communities around the lake shore by communities of emergent aquatics probably indicates less severe seasonal water-level fluctuations than before. The latter is consistent with the shift in composition of the steppe, although whether it reflects decreased summer temperatures, and hence reduced evaporative and transpirational demand, or increased precipitation, and hence greater moisture supply, is unclear.
At c. 14,650 cal yr bp, coinciding closely with the age of onset of the Weichselian late-glacial interstadial (GI-1 in the GRIP event stratigraphy of Björck et al., 1998) , marked changes in the regional vegetation indicate a further shift in environmental conditions. Although steppe continued to dominate for c. 500 years after this time (EZP-3), and woody taxa remained infrequent, the composition of the steppe had changed, Gramineae now predominating and Artemisia being less abundant than previously. Pollen concentration reached its peak during this interval. These changes indicate a reduced seasonal moisture deficit, allowing a shift towards more productive steppe grasslands and a reduced extent of the and Ephedra distachya-type; Celtis absent; wider variety of woody taxa present in each pollen sample; increased pollen concentration. Decreased macrofossil concentration; Chenopodiaceae and ruderal seeds/fruits decrease; Betula pendula-type fruits abundant; Celtis tournefortii-type fruit stones and Rosaceae undiff. seeds at 460-465 cm. Only occasional Alnus wood fragments.
Regionally increased extent of steppe at expense of wooded steppe; Artemisia steppe increased relative to Chenopodiaceae steppe. Overall increase in vegetation cover/productivity. Decreased abundance and diversity of woody taxa on flood plain and surrounding landscape. Decreased lake-shore ruderal communities as marginal aquatics increase.
EZP-3 446-405
14,650-14,150 NAP 85-93%; increased Gramineae (max. c. 65%); decreased Artemisia (min. c. 10%), Chenopodiaceae (min. c. 10%) and Juniperus-type; pollen concentration peaks. Terrestrial macrofossils sparse; Betula pendula-type, Chenopodiaceae and a few ruderal taxa only.
Alnus wood fragments in a single sample.
Regional shift from shrubby steppes with Artemisia and Chenopodiaceae to mainly grass steppes. Vegetation cover and productivity probably at their maxima.
EZP-4 405-350 14,150 -? Marked decrease in NAP (50-70%); Gramineae decreases (< 20%); Chenopodiaceae (c. 17%) and Compositae Subfam. Cichorioideae (c. 5%) increase; Pinus (Diploxylon) and Juniperus-type increase;
Alnus and Corylus consistently present (1-3%); pollen concentration declines; short-lived NAP increase at 363 cm. Macrofossils sparse; no wood fragments.
Regional mosaic of steppe, especially Chenopodiaceae steppe, wooded steppe with Juniperus and sparse Pinus woodlands. Temperate summergreen trees present regionally.
EZP-5 350-290 ? -? Further decrease in NAP (40-50%); Artemisia (3-10%), Chenopodiaceae (5-15%) and Juniperus-type (< 3%) decrease; increases in Pinus (Diploxylon), Ephedra distachya-type, Compositae Subfam.
Cichorioideae and various other herbaceous taxa; Ulmus and Quercus present (1 -2%). Macrofossils sparse; no wood fragments.
Regional decreases in extent of steppe and wooded steppe and increase in extent of Pinus woodlands. Temperate summergreen trees present regionally.
The 'oriental' component of the Balkan flora
Journal of Biogeography 35, 865-883 ratio of actual to potential evapotranspiration (AET/PET, Priestley-Taylor's a) was estimated from climatic data compiled by Leemans & Cramer (1991) , and interpolated to a 10¢ longitude · latitude grid (W. Cramer, unpublished data), using the 'bucket' model of Cramer & Prentice (1988) . Distributions are shown for three woody plant taxa found as macrofossils in the Weichselian late-glacial sediments at Ezero: Juniperus excelsa M.-Bieb.; Celtis glabrata plus C. tournefortii ( " C. tournefortii-type); and Quercus (excluding Q. ilex, Q. coccifera and other evergreen species of the Mediterranean basin). Distributions have been redrawn from Meusel et al. (1965) , Browicz & Zieliń ski (1977) , Farjon (1992) and Jalas & Suominen (1973 , 1976 . Continuous presence of pollen of Sparganium/Typha angustifolia (2-3%) and Cyperaceae (1-5%); Butomus umbellatus, Potamogeton and Nuphar occur sparsely.
Well-oxygenated lake, probably calcareous and relatively oligotrophic, with some open water, deep-water emergent communities and abundant floating leaved aquatics, notably Nuphar lutea.
EZM-2
530-455 15,200-14,750 Decreased abundance of Schoenoplectus lacustris fruits; increased abundance of Butomus umbellatus seeds; Nuphar, Potamogeton and Carex cf. C. flava abundant; various other Carex species occur more sparsely (C. pseudocyperus, C. rostrata, C. cf. C. acuta). Daphnia present (not shown on Figure 7 ). Gloeotrichia abundant; Pediastrum present throughout; Spirogyra occurs sparsely. Increased pollen abundance of Sparganium/Typha angustifolia; Cyperaceae (1-5%)
and Nuphar lutea (< 1%) continuously present; Myriophyllum verticillatum present in most samples; Typha latifolia occurs sparsely. Carex cf. C. flava fruits/seeds in low concentrations; Urtica dioica and Lycopus nutlets abundant; Typha cf. T. latifolia seeds very abundant in one sample. High concentration of monocotyledon leaf/stem fragments (not shown on Figure 7 ). Pediastrum absent.
Pollen of Nuphar lutea and Myriophyllum verticillatum occur only sparsely; decreased pollen abundances of Sparganium/Typha angustifolia and Cyperaceae.
Some eutrophication of the lake; reduced extent of open water and increased encroachment of marginal communities. Development of eutrophic fen vegetation around the lake.
EZM-4
405-365 14,150 -? High concentration of Urtica dioica seeds; fruits/seeds of aquatic taxa absent from all but lowest sample in zone.
Botryococcus and Spirogyra present.
Early peak in Urtica pollen abundance; decreasing Sparganium/Typha angustifolia and increasing Cyperaceae; Potamogeton occurs sparsely.
Core locality overgrown by sedge fen. Eutrophic and at least seasonally dry conditions in the fen leading to abundance of Urtica dioica.
EZM-5
365-290
?-? Very low macrofossil concentration; Juncus, Typha cf. T. latifolia and Urtica dioica seeds occur in some samples. Spirogyra more abundant; Botryococcus and Riccia present throughout. Abundant Cyperaceae pollen; decreased abundance of Sparganium/Typha angustifolia.
Core locality now situated in a seasonally inundated sedge-dominated marsh on a mainly minerogenic soil of alluvial origin.
The 'oriental' component of the Balkan flora
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shrubby steppe that previously dominated (Zohary, 1973) . The sediments deposited in the Ezero wetland during this interval were more organic and peaty in character than before. Although this may simply reflect local hydroseral succession, evidence of which is seen in the aquatic and wetland macrofossil record, these hydroseral changes themselves are nonetheless indicative of relatively stable water levels. They are thus consistent with the reduced seasonal moisture deficiency inferred from the change in steppe composition. Inferring the nature of any temperature changes at the transition to this interval is difficult because of a lack of clear evidence upon which to base such inferences. The next change in the regional vegetation, at c. 14,150 cal yr bp, falls close to the age of 14,050 for the onset of GI-1d in the GRIP chronology (Björck et al., 1998) ; GI-1d is generally considered to correspond to the Older Dryas. The inferred shift in the regional vegetation around the Ezero wetland at this time to a mosaic of steppe, wooded steppe and sparse Pinus woodlands, with temperate summergreen trees present at least regionally, indicates complex environmental changes at the transition from EZP-3 to EZP-4. The shift in composition of the steppe, with increased abundance of Chenopodiaceae and markedly reduced abundance of Gramineae, implies a more marked seasonal moisture deficit in summer than previously, as well as perhaps a more continental climatic regime. The increased abundance of woody taxa appears to conflict with this inference, however, although this may be indicative principally of increased temperatures. The change in character of the sediments in the basin that occurs just after the initial shift in character of the regional vegetation, however, provides an important clue as to what may have been happening, the onset of deposition of clay-silt sediments being interpreted as evidence of seasonal flooding by the adjacent river. Such seasonal floods may either be spring events, associated with the melting of snow in the mountains around the headwaters of the river in the eastern part of the Sredna Gora, or reflect extreme precipitation events that, according to their origin, may occur in various seasons. Given the evidence of summer drought, it is more likely that the floods occurred between autumn and spring. Furthermore, the coincidence between the change in character of the sediments, a marked decrease in pollen concentration, a marked increase in the abundance of Pinus pollen, and the consistent presence of pollen of temperate summergreen trees, probably indicates that the floodwaters carried pollen from more distant woodland sources to the basin. The relative abundance of Pinus pollen in these sediments may indicate that the floods were spring events, Pinus spp. shedding their pollen in this season. Whether these were meltwater or extreme precipitation events, however, cannot be resolved on the basis of the available evidence.
Although we are unable to assign an age to the final change in regional vegetation recorded at Ezero, the transition from EZP-4 to EZP-5, it is tempting to speculate that it corresponded to the onset of the Allerød (GI-1c in the GRIP event stratigraphy of Björck et al., 1998, i.e. 13 ,900 yr bp in the GRIP chronology), the accumulation of the alluvial sediments probably being more rapid than that in the underlying more organic unit. The inferred decrease in the extent of steppe and wooded steppe and the increase in the extent of woodlands would indicate a decrease in seasonal moisture deficit, as would the decrease in the relative abundance of Artemisia and Chenopodiaceae, and the increase in Gramineae, in the remaining areas of steppe.
DISCUSSION
There are very few previous published records from the southern Balkans of plant macrofossils from late Weichselian and/or Weichselian late-glacial sediments with which to compare our results (Tzedakis, 2004) . At Franchthi Cave, in southern Greece (Fig. 1) , however, Hansen (1991) recorded Celtis tournefortii-type fruit stones, as well as Juniperus charcoal, from late Weichselian and Weichselian late-glacial sediments, indicating that at least one woody member of the oriental element also reached that area during this period. Celtis pollen and/or macrofossils also have been recorded from a number of Palaeolithic archaeological sites dating from the Weichselian late-glacial in Turkey (Martinoli, 2001; EmeryBarbier & Thiébault, 2005) and Syria (Matsutani, 1987; Hillman et al., 1989) , indicating the wider distribution of members of the genus in south-west Asia at this time. Furthermore, the principal Celtis macrofossils recorded by Martinoli (2001) from the locality that she studied in Anatolia were fruit stones of C. tournefortii-type. At some of these localities, macrofossils of a variety of other woody taxa found today in the wooded steppe vegetation of Anatolia have been recorded: Emery-Barbier & Thiébault (2005) , for example, recorded Juniperus/Cupressus, Prunus cf. P. dulcis, Quercus (deciduous), Rosaceae Subfam. Maloideae and Sorbus/Crataegus from Weichselian late-glacial layers in the Ö küzini cave, south-west Anatolia. In addition, macrofossil studies at a number of sites in Turkey and the Middle East have provided evidence of the presence of a diverse arboreal flora during this interval. At Tell Abu Hureyra, Syria, for example, Hillman et al. (1989) found charcoal evidence of a range of woody taxa, including some characteristic of riparian habitats, such as Fraxinus, Salix/Populus and Tamarix, and others typical of the sclerophyll woodlands and scrub of the Mediterranean region today, such as Anacardiaceae, Pistacia, Quercus (sclerophyllous), Rhamnus/Phillyrea and Olea. Our macrofossil record from the Ezero wetland similarly includes additional woody taxa that may represent species found today in wooded steppe vegetation (Rosaceae Subfam. Maloideae, Rosaceae Subfam. Prunoideae) and in riparian habitats (Alnus, Fraxinus, Salix/ Populus).
The frequent occurrence of a diverse range of woody taxa in these macrofossil records contrasts with the overwhelming predominance of herbaceous taxa in pollen records from the region over the same period (van Zeist & Bottema, 1977; Bottema, 1978 Bottema, , 1979 Yasuda et al., 2000; Tzedakis et al., 2002 Tzedakis et al., , 2004 Wick et al., 2003) . These records generally have been interpreted as indicating the predominance of steppe vegetation, and a strongly continental climate, in the region during the late Weichselian and Weichselian late-glacial, although with evidence of the onset of expansion of deciduous Quercus in the Levant during the Weichselian late-glacial interstadial (Wright & Thorpe, 2005) . Tzedakis et al. (2002 Tzedakis et al. ( , 2004 interpreted the numerous pollen records from north-east Greece as indicating the ubiquitous predominance of Artemisia-Chenopodiaceae steppes in lowland areas during the late Weichselian and Weichselian late-glacial, and suggested that trees were confined to the mountains at this time. Willis (1992a) arrived at a similar conclusion for north-west Greece, inferring that, although small numbers of Quercus and Pinus trees were present in the lowlands, steppe predominated. Although she inferred, from the composition of the early Holocene vegetation recorded at a montane site (Willis, 1992b) , that steppe vegetation also dominated at higher elevations, the diversity of tree taxa recorded there was greater than that in the lowlands, leading her to conclude that a variety of trees, including temperate summergreen taxa such as Tilia and Ulmus, were present in the mountains throughout the Weichselian (Willis, 1992c) . Pollen records from the Rila and Pirin mountains of south-west Bulgaria (Fig. 1) reveal a similar picture of predominantly montane steppe vegetation during the Weichselian late-glacial, with the few trees that were present, mostly during the Weichselian late-glacial interstadial, being principally Pinus and other needle-leaved evergreens, with only sparse evidence of temperate summergreen trees (Bozilova & Tonkov, 2000; Atanassova & Stefanova, 2003; Stefanova & Ammann, 2003) .
Such apparently conflicting evidence of macrofossils and pollen, with respect to the distribution and occurrence of woody taxa, is mirrored in a number of studies from other regions (Kullman, 1998a,b,c; Willis et al., 2000; Willis & van Andel, 2004) . In the case of the late Weichselian and Weichselian late-glacial periods in the southern Balkans, the macrofossil evidence from the Ezero wetland demonstrates that a range of woody taxa was present in the lowlands, notwithstanding the predominance of herbaceous and/or shrubby taxa characteristic of steppe habitats in the pollen records. The nature of these taxa differed, however, from that of those inferred to have been present during the same interval in montane areas (Willis, 1992b) . The woody element of the lowland vegetation comprised relatively drought-tolerant taxa typical today of woody steppe vegetation (e.g. Celtis tournefortii-type, Juniperus cf. J. excelsa, Rosaceae Subfams. Maloideae and Prunoideae), including members of the oriental element of the present Balkan flora, as well as riparian taxa (e.g. Alnus, Fraxinus, Salix/Populus). In the mountains, in contrast, the woody taxa present were mainly evergreen needle-leaved trees (Bozilova & Tonkov, 2000; Atanassova & Stefanova, 2003; Stefanova & Ammann, 2003) , as well as some temperate summergreen trees (Willis, 1992b) . It is likely that, both in lowland and montane areas, the trees occupied spatially restricted patches of favourable habitats in a landscape that was dominated by the herbaceous and/or shrubby steppes reflected in the pollen records. It also is likely, at least in the lowlands, that the vegetation of these favourable habitats was relatively open wooded steppe, rather than closed forest patches, although the riparian taxa may have formed denser stands of gallery forests.
The palaeobotanical evidence from the Ezero wetland thus provides for the first time evidence in support of Turrill's (1929) hypothesis that the oriental element in the present Balkan flora at least in part could have reached the southern Balkans via the Thracian Plain during times of lowered Mediterranean sea-level, such as occurred during the glacial stages of the Quaternary. Macrofossil evidence has shown that the generally steppe-dominated landscape of the Thracian Plain during the late Weichselian and Weichselian late-glacial supported patches of wooded steppe. Furthermore, macrofossils of woody members of the oriental floristic element also have been found in the sediments from that interval, notably Celtis tournefortii-type and Juniperus cf. J. excelsa, and several of the other macrofossil taxa found may represent other woody members of this element (e.g. Rosaceae Subfam. Maloideae includes Pyrus elaeagrifolia and Crataegus laciniata). Although this does not in any sense 'prove' that the oriental element of the Balkan flora even in part entered the region during the Weichselian by migration from Turkey across the Thracian Plain, it does show that this was possible, and that some members of the element were present on the Thracian Plain during that time. It hence renders the hypothesis that such taxa are of Tertiary relict origin at least not universally necessary. Further careful studies of macrofossil records, not only from the Balkans but also from other parts of southern Europe, are required to assess the extent to which other taxa with biogeographical affinities to south-west Asia may have expanded their ranges into southern Europe during the Weichselian, or earlier Quaternary glacial stages. Evidence from Lago Grande di Monticchio, in southern Italy, however, indicates that wooded steppe vegetation may have been widespread in the Mediterranean region during many of the interstadials of the last glacial stage (Allen et al., 1999 (Allen et al., , 2000 ; taxa associated with this habitat thus had repeated opportunities to expand widely in the region. It may be more realistic to re-evaluate many, if not all, of these taxa as 'glacial relicts', persisting in southern Europe today in 'Holocene refuges'. Whether or not they had a similar relict distribution in southern Europe during the last or previous interglacials is more challenging to determine. Macrofossil studies of suitable interglacial deposits will offer one potential source of evidence, and genetic studies of the fragmented extant populations of such species might in future provide a basis for estimating the period during which they have been isolated. Whatever the history of individual taxa, however, it is clear from the record obtained from the Ezero wetland that the paradigm of extensive treeless steppe vegetation in the lowlands of southern Europe and around the Mediterranean during the late Weichselian and the Weichselian late-glacial can no longer be sustained. Only by taking into account all types of palaeobotanical evidence can a more complete picture be obtained of the complexity of the past vegetation cover in this and other regions, and only with such a more complete picture can we address key questions in historical biogeography.
